The oil of the dried pulps of Livistona decipiens and L. chinensis palm fruits have been studied for the first time by gas chromatography-mass spectrometry for their unsaponifiable matter (USM) and fatty acid composition (FAME). The antihyperlipidemic and anti-ulcer activities for both oils were also assayed. The principal fatty acid of L. decipiens pulp oil was oleic acid (53.4 %) and of L. chinensis pulp oil palmitic acid (47.4 %). In relation to anti-hyperlipidemic properties, the pulp oil of L. decipiens presented a better profile than that of L. chinensis, in comparison with the reference standard (simvastatin). In addition, both pulp oils showed high anti-ulcer activity using an indomethacin-induced ulceration technique in rat stomach. The relationship between the anti-hyperlipidemic, anti-ulcer and chemical composition of the pulp oils is also discussed.
The genus Livistona (family Arecaceae or Palmae) includes about 3000-3700 species [1] . Egypt possesses an enormous diversity of palm fruits. In spite of the fact that most members of the Palmae have valuable concentrations of oil, their potential as nutraceutical oils has not been exploited L.decipiens Becc. (Ribbon fan palm) and L. chinensis R.Br. (Chinese Fan-palm) are two species growing in Egypt, although they have their origin and habitat in the coastal region of eastern Queensland, Australia, and in the southern Japanese islands, respectively [1] . No report has so far been published on the characterization and composition of the oils of either species (seeds and fruits). Therefore, the intent of the present work was to provide information on the chemical composition of the fruit pulp oils of L. decipiens and L. chinensis and to evaluate the anti-hyperlipidemic and anti-ulcer activities of both oils.
Oil extraction of the dried fruit pulps of L. decipiens (L. d.) and L. chinensis (L. c.) separately gave yields of liquid and semi-solid oils at room temperature (25°C), of 8.4 and 16.5 (%, w/w), respectively. Unsaponifiable matter (USM) and fatty acid methyl esters (FAME) of both oils were separately subjected to GC-MS analysis. The components were identified by comparing their retention times and mass fragmentation patterns with those of the data base libraries [Wiley (Wiley Int. USA) and NIST (Nat. Inst. St. Technol., USA)] and published data [2] .
From Table 1 the analysis of the L. d. unsaponifiable fraction revealed the presence of a series of n-alkanes ranging from heptadecane (C 17 ) to octacosane (C 28 ), with n-nonadecane being the most predominant homolog (C 19 ). Significant amounts of a series of n-fatty alcohols ranging from n-tridecanol (C 13 ) to n-hexadecanol (C 16 ) were also present. The only two n-aldehydes detected were n-tetradecanal and n-triacontanal. The most abundant compound in the , were also present. The steroid hydrocarbon, stigmasta-3, 5, 22-triene (0.6%) was also detected in the lipophilic extract of L. c., although in low amount ( Table 2) . β-Sitosterol, stigmasterol and campesterol are the most common plant sterols. The structural similarity of these sterols to cholesterol enables them to compete with cholesterol [3, 4] . This competition reduces dietary and biliary cholesterol absorption in the gastrointestinal tract [3] . Decreased cholesterol absorption up-regulates LDL-C receptor concentration [4] and, therefore, decreases LDL-C serum level. Furthermore, the oils of the two species presented a considerable qualitative as well as quantitative difference in their fatty acid composition (Tables 3  and 4 ). Twenty-five fatty acids were identified in L. d. pulp oil, while 28 fatty acids were detected in L. c. pulp oil. The distribution of the fatty acids was as follows: saturated 41.5%, monounsaturated 56.3% and polyunsaturated 0.3% in L. d. pulp oil, while L. c. pulp oil contained 50.7 % saturated, 9.5% monounsaturated and 12.9% polyunsaturated fatty acids ( [5] , numerous studies over the last decade (in humans) have shown that the effects of palmitic acid on blood lipids are dependent on several factors, which include: the concomitant levels of myristic, lauric, stearic and linoleic acid, the amounts of dietary cholesterol and the position of palmitic acid in the triglyceride. Palmitic acid has no hypercholesterolaemic effect if intake of linoleic acid is greater than 4.5% of energy [6] [7] [8] [9] [10] . Another study found that, in normocholesterolaemic primates who consumed a moderate fat diet low in myristic acid and dietary cholesterol, dietary palmitic acid and oleic acid produced similar effects on LDL and HDL metabolism [11, 12] . In comparison to L. c. pulp oil, L. d. pulp oil was rich in oleic (C 18:1 ) acid (m/z: 55, 155, 199, 312) constituting about 53.4% of the total identified compounds of FAME in this oil. Undoubtedly, oleic acid has been proven to have cholesterol-lowering properties and produces a decrease in the LDL-C [13, 14] .
Among polyunsaturated fatty acids, linoleic acid (C 18:2 ) concentration in L. c. pulp oil was relatively high (12.16%) when compared to that of L. d. oil (0.31%). In fact, linoleic acid plays an important regulatory role in human cholesterol metabolism and decreases the LDL-c [15, 16] .
Hypolipidemic activity:
The study showed that the administration of oil extract of L. d. (100 mg/kg b.wt./day) to high-fat diet fed rats for a period of 4 weeks induced significant reduction in LDL-C level in addition to significant increase in HDL-C in hypercholesterolaemic rats and the effect increasesd after long administration over 8 weeks, but did not have an effect on either triglycerides or total cholesterol ( serum cholesterol and triglycerides were 39.5% and 37.5%, respectively, along with a significant reduction in LDL-C of 56.2% and a significant increase in HDL-C of 81 % (percent of change calculated in regards to the effect at zero time after 8 weeks of administration), while the standard (simvastatin) drug showed significant reduction in serum cholesterol, triglycerides and LDL-C level by 60%, 57% and 85%, respectively, with a significant increase in HDL-C of 103%. It has been shown that the results of L. d. were comparable to the reports considering the effect of oil containing mainly monounsaturated fatty acids [13, 14] . Concerning the oil extract of L. c., the oil produced significant reduction in LDL-C level and significant increase in HDL-C in hypercholesterolaemic rats only after long administration, but did not have an effect on total cholesterol or triglycerides ( Table 5 ). The reduction in serum cholesterol and triglycerides were 20.5% and 23.5%, respectively and a significant reduction in LDL-C of 30% and a significant increase in HDL-C of 53 %.
The mechanism for the hypolipidimic effect of L. c. oil may depend on multiple factors, as already mentioned. One of them is that the palmitic acid (16:0) is expected to be in alpha positions (sn1,sn3) of the triglyceride molecules and the sn2 fatty acid is either a monounsaturated or polyunsaturated fatty acid, whereas, in coconut oil or other oils raising LDL-C and total blood cholesterol, palmitic acid is placed in fat molecules at the β-position (sn2), along with (12:0)+(14:0) fatty acids in sn1 and sn3 positions [6] [7] [8] [9] [10] [11] [12] . Moreover, the oil is very rich in phytosterols, which are competitors of cholesterol in the body [3, 4] . The findings of our present study provide further evidence in support of previously published reports on the anti-hyperlipidemic properties of palmitic acid.
Anti-ulcer activity:
The study revealed a significant anti-ulcer effect of both oils in an experimental model of gastric lesion induced by a non-steroidal, anti-inflammatory drug, indomethacin. The results obtained ( Table 6 and Figure 5 ) showed that the stomach of rats treated with indomethacin (20 mg/kg) alone developed a number of gastric ulcers equal to 12.3± 0.8 while, stomachs of rats that were treated with L. d. oil with indomethacin simultaneously decreased the gastric ulcer numbers to 5.1± 0.3, representing a reduction of 58.5%. On the other hand stomachs of rats that were treated with L. c. oil with 
Experimental
Plant material and oil extraction: L. d. and L. c. fruits were supplied by the Orman garden, Giza, Cairo. The pulp from the fruits was separated manually using a stainless steel knife, dried at 40°C for 24 h, triturated in a mill and screened through 40 mesh sieves. The powder was packed in polyethylene bags and stored in a refrigerator (≈ 4°C) until used. The oil was extracted separately from the dried and triturated pulps of the two species with light petroleum (60-80°C) in a Soxhlet extraction apparatus until completion of extraction, when the solvent was removed under reduced pressure at ≈ 45 ο C.
Gas chromatographic-mass spectral (GC-MS) analysis:
Unsaponifiable matter was obtained after saponification of the light petroleum extracts by refluxing with 10% alcoholic potassium hydroxide, following Nazif's method [17] . The product was analyzed on a Finnegan SSQ 7000 gas chromatograph coupled with a mass spectrometer. A 1 μL USM sample was injected and GC separation was carried out on a DB-5 fused silica (5% phenyl methyl polysiloxane) capillary column; 30 m length, 0.25 mm i.d. and 0.25 μm film thickness. The carrier gas (helium) head pressure was maintained at 13 psi and the column flow rate was 1 mL/min. The oven temperature was programmed at 50°C isothermal for 3 min., then heated to 300°C at a rate of 5°C/min, and then isothermal at 300°C for 5 min. The temperature of the injector during the injection was 220°C. Fatty acids were transformed to their methyl esters (FAME) following Hartman and Lago's method [18] and were determined by using the above conditions, except that the oven temperature was programmed at 150°C isothermal for 4 min., then heated to 280°C at a rate of 5°C/min, and was then isothermal at 280°C for 4 min.
positive control group. The stomach was removed, fixed in 10% formalin, dissected along the greater curvature, and examined for any eroded or ulcerated areas with a magnifying lens [23] .
